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INTRODUCTION 
The calibration of eddy-current measurement systems is a long-standing problem in 
nondestructive evaluation. Eddy-current probe calibration is needed for several reasons: to 
compensate for different probe sensitivities, to set detection thresholds, to validate instru-
ment setup and operation, and to perform quantitative flaw sizing.1,2 The most frequently 
used calibration method is to scan the probe being calibrated over simulated defects such as 
electrical-discharge-machined (EDM) slots, saw cuts, or laboratory-produced fatigue cracks. 
This method has the virtue of calibrating probe and instrument at the same time and it can be 
performed on the same material as that to be inspected. But it has a number of dis advantages 
as weH. First, a large number of artifact standards must be generated, certified, and main-
tained, resulting in considerable expense. Second, the signals from EDM slots and saw cuts 
are not equivalent to the signals from actual defects.3 Third, it is questionable whether 
quantitative flaw sizing can be performed using such a calibration method. Even if 
laboratory-produced cracks were to be used for routine calibration (a prohibitively expensive 
option), the accuracy of calibration or quantitative sizing could be compromised by the 
occurrence of crack c10sure effects.4 
Another approach to the calibration problem is to map the magnetic field of the probe to 
be calibrated. Previous eddy-current probe field mapping techniques have been based on the 
use ofHall probes,5 SQUID probes and small pickup cOils,6 and smaH defects ofknown 
geometry.7 However, these approaches suffer from several drawbacks: poor noise immu-
nity, large sensor size, introduction of significant perturbations to the probe field, or insensi-
tivity to the tangential component of the H field. An ideal field-mapping technique would 
use an infinitesimal probe of the tangential component of H that introduces no field perturba-
tions. 
Previous work by Moulder et al. has demonstrated that the photoinductive (PI) effect 
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may be used to map eddy-current probe fields.8,9 This method meets the requirements of an 
ideal field-mapping technique. In principle the technique can attain spatial resolution on the 
order of microns, does not perturb the incident field significantly, and is sensitive to the 
tangential component of the electric field. We have begun applying this technique to the 
mapping of commercial eddy-current probes with a view to its eventual application to probe 
calibration. lO,l1 
In this paper we describe a prototype eddy-current probe calibration instrument based on 
the photoinductive field measurement technique. The advantages of this electro-optical 
calibration method are discussed in relation to more conventional approaches. We show the 
correlation between photoinductive measurements of probe field strength and quantitative 
measurements of probe impedance changes caused by artifact standards, demonstrating the 
ability of the instrument to calibrate probes. We also illustrate the amount of variability to 
be found among commercial eddy-current probes by using the instrument to map their fields. 
The pronounced variability we observed in field strength among probes of identical specifi-
cations (ferrite, number of windings, inductance, liftoff, etc.) demonstrates that predicting 
the performance of eddy-current probes from these parameters alone is not possible. Thus, it 
seems that measurement of a probe's field by some means will be essential for quantitative 
flaw sizing. We feel that the PI technique will serve this need. It will also be useful for 
probe standardization and the development of novel eddy-current probe designs. 
THEORY OF PHOTOINDUCfIVE PROBE CALIBRATION 
The photoinductive (PI) effect has been described previously by Moulder et al.8,9 The 
physical principles underlying it are illustrated in Fig. 1, which shows the coil of an 
eddy-current probe carrying a current I placed in elose proximity to a thin metal film sup-
ported on an insulating substrate. We refer to this film-substrate combination as a witness 
plate. A modulated laser beam is focused on the thin conductive film from below. The 
resulting temperature fluctuation induces a highly localized change in the conductivity of the 
metal foil, which in turn induces a change in the im~edance of the eddy-current probe. It 
can be shown from Auld's reciprocity reiation8,II,I that this impedance change is 
(1) 
where V is the entire volume of the metal film, E and H are the electric and magnetic field 
intensities in the metal film, Cl) is the eddy-current frequency, äT is the temperature fluctua-
tion in the film, and (J and Il are the conductivity and permeability of the film. For our 
experiment a gold film was used so that dllldT=O and the H2 term vanishes. In the 
quasi-static approximation only the tangential components of E and H contribute to Eq. 1.12 
Furthermore, in the thin film limit ('t« 0) the values ofH and E obtained are essentially 
those of the vacuum case. 
In practice ä T is a function of x and y that is strongly peaked at the location of the laser 
beam. Thus, Eq. 1 indicates that äZ is deterrnined primarily by the values of E and H at the 
position of the laser spot. Therefore, the photoinductive technique perrnits mapping E and H 
with spatial resolution that is governed only by the size of the thermal spot, one of the chief 
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Fig. 1. Schematic diagram of the photoinductive field measurement technique. 
advantages of the PI technique over other methods of mapping magnetic fields .5-7 In our 
experimental setup the thermal spot size is on the order of 200 )lm and the probe dimensions 
are on the order of several millimeters. 
PHOTOINDUCTIVE CALIBRATION INSTRUMENT 
The instrument we designed and built to demonstrate the feasibility of calibrating and 
characterizing eddy current probes using the photoinductive technique is shown in Fig. 2. 
The probe to be calibrated is clamped into a positioning fixture and then lowered until the 
probe face is in contact with the gold film of the witness plate. The laser source is a 0.5 W 
infrared diode laser, which is collimated and focused onto the gold film from below. The 
laser output is electronically modulated with a 50% duty cycle square wave, variable from 1 
Hz to 250 Hz. 
The laser and associated optics are scanned under the stationary probe in a raster-fashion 
with computer-controlled stepping motors. The value of llZpI for the eddy-current probe is 
then measured at points on a two-dimensional grid by detecting only the changes in the 
probe impedance which are synchronous with the laser modulation. A commercial 
eddyscope is used to demodulate the eddy-current impedance signal. The demodulated 
output of both horizontal and venical channels of the eddyscope is then supplied to lock-in 
amplifiers synchronized to the laser modulation frequency (see Fig. 2). The in-phase and 
quadrature components of each lock-in are acquired and stored in the computer for later 
analysis and display. 
Two modes of operation are possible with the instrument: one"dimensional scans 
along either of the two onhogonal axes and full two-dimensional scans of the active area of 
the probe. Sc ans of up to 50 x 50 mm may be performed, limited by the range of motion of 
the positioners. Although the most information about a probe is obtained with 
two-dimensional scans, the amount of time this requires (typically 5-30 minutes, depending 
on area scanned, density of points, and amount of signal averaging) is too long for routine 
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calibration purposes. But scans across a probe' s diameter provide sufficient infonnation to 
calibrate the probe and can be perfonned in less than one minute. 
RESULTS 
We have used the photoinductive eddy current calibration instrument to study a wide 
variety of standard commercial probes as weIl as several custom-designed probes. These 
have included absolute, differential, and reflection probes in sizes ranging from 1.5 to 30 
mm in diameter and at frequencies from 5 kHz to 2 MHz. 
An example of the results obtained using this instrument in the field-mapping mode of 
operation is shown in Fig. 3(a). This 3-D surface plot represents the electric field distribu-
tion for a 2 MHz commercial surface probe. The general shape of the response is common 
to most absolute eddy-current probes: a circular pattern of current flow with a dead spot in 
the center, hence the tenn "eddy" currents. The apparent tilt at the top of the conical re-
sponse surface is not expected. Nevertheless, we did observe this behavior in many of the 
probes we studied, although it was usually less pronounced. We believe that this tilt results 
from a coil that is not aligned parallel with the central axis of the probe housing. We have 
seen evidence in x-rays of similar probes of this occurring because of misalignment of the 
coil inside the probe. In other cases it is caused by the surface of the probe face not being 
perpendicular to the probe axis. As a practical matter, if an excessive amount of tilt is 
present in a probe it can cause the probe to give varying responses to a flaw depending upon 
how it is oriented relative to the flaw. For this reason, for critical inspections it may be 
desirable to discard probes with too much tilt. 
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Fig. 2. Prototype eddy current probe calibration and characterization instrument based 
on photoinductive field mapping. 
1164 
> 
"6 
· 
o 
" 
'" Vi "7 es Q:: . E: - ee< 
Photoinductl ...... 
0.2.0 
0.'. 
c= 0 . '0 
.2' 
V> 
1t: 
o.os 
0 .00 
- .• 
Seen of P,obe Seon 01 1 .25- mm EOM S iot 
O~ 
0 .... 
.. 
Eo.2.o 
.s= 
0 
N'0,,=t 
<> 
= ~O, '. 
0 ,00 
0 ,00 
.. 7 . '''.0 10.0 
Fig. 3. Photoinductive map of the electric field of a commercial 2 MHz eddy current probe 
showing tilt of coil (top). Comparison of photoinductive measurement of probe's 
field with an impedance measurement on an EDM slot (bottom). 
To demonstrate that photoinductive measurements of a probe's field intensity are 
equivalent to conventional calibration procedures, it is important to correlate PI measure-
ments of a probe 's field with measurements made on flaws. Such a comparison of an 
eddy-current flaw signal to PI measurements is shown in Fig. 3(b). The eddy current probe 
used for this comparison is the probe shown in Fig. 3(a). The eddy current flaw measure-
ments were taken on a 1.3-mm long by 0.6-mm deep EDM notch in 7075 aluminum. The PI 
scan is a slice along the x-axis, through the center of the field map shown in Fig. 3(a). The 
flaw sc an was taken with the probe in the same orientation, but with the direction of scan-
ning reversed. Because the length of the flaw is less than the diameter of the probe, the flaw 
scan produces a double-peaked response. As shown in the figure, when the stronger part of 
the probe field is intercepted by the flaw, the eddy current signal is greater than on the other 
side of the probe where the relative tilt makes the field weaker. This result clearly illustrates 
how the flaw signal from a probe with a tilted coil can produce different results on the same 
flaw depending upon the orientation of the probe. 
One of the key findings of our study of commercial eddy-current probes is the wide 
variability we observe in the electric field intensity of nominally identical probes. This is 
demonstrated in Fig. 4, which displays the field maps obtained from aseries of six commer-
cial2-MHz surface probes purchased from the same manufacturer at different times over the 
last five years. The peak field intensities of the strongest and weakest probes among these 
six vary by 240 percent. According to the manufacturer, the probes were built to the same 
specifications: type of ferrite, number of turns, inductance, etc. Clearly, the performance of 
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these probes could not have been predicted from these parameters alone. Among other series 
of probes we examined the variation was not as great. For example, for a set of six l00-kHz 
surface probes purchased from the same manufacturer over the same period of time, the 
maximum variation in peak PI signals was about 37 percent. 
Results from further studies of the correlation between PI measurements and flaw 
signals are shown in Fig. 5. Results from the two sets of commercial eddy-current probes 
discussed above are shown in the figure. One set is composed of 2 MHz surface probes, the 
other set is composed of 100 kHz surface probes. For the former set, the peak PI signal is 
plotted against the peak eddy current signal from a 1.3-mm long EDM noteh. For the latter 
set of probes, the peak PI signal is plotted against the peak eddy current signal from a 2-D 
EDM slot 0.5 mm deep. The lines plotted in the figures are linear least-squares fits to the 
data. The linear response functions evident in Fig. 5 are further support for the conclusion 
that the photoinductive field measurements obtained with this instrument are suitable for 
calibration of eddy current probes. 
Fig. 4. Comparison of field maps of six commercial eddy current probes, obtained from 
the same manufacturer at different times over a five year period. 
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Fig. 5. Correlation of peak photoinductive signals with peak flaw signals for two sets of 
probes. Left, six 2 MHz surface probes; right, six 100 kHz surface probes. 
SUMMARY 
This report has described the design and operation of a prototype eddy-current probe 
calibration instrument based on photoinductive mapping of the probe' s electromagnetic 
field. Since the calibration method is electro-optical in character, calibration can be accom-
plished quickly and reliably under computer contro!. The method offers a means to deter-
mine the electric field intensity of eddy-current probes, a quantity that is directly related to 
their performance for flaw detection and characterization. Since the eddyscope that is used 
with the probe for flaw detection is used in the calibration circuitry, both the instrument and 
the probe are calibrated. Besides revealing the strength (or sensitivity) of a probe, this new 
method also can reveal defective probes by the overall shape and symmetry of their fields. 
This information is not available from ordinary calibration methods. 
We have used our prototype instrument to study a wide variety of eddy-current probes, 
both commercial and custom-designed probes. The results demonstrate that the features of 
photoinductive field maps of the probes correlate well with the qualitative features of eddy 
current signals obtained from EDM slots. We have also demonstrated the ability of the 
instrument to detect imperfections in the eddy-current probe fields such as tilt. Quantitative 
correlation between PI field maps and eddy-current flaw signals has been demonstrated for 
two separate families of probes. The transfer fUDction between PI signal strength and flaw 
signal is linear and this shows that PI signals can be used to calibrate the response of eddy-
current probes to flaws. 
ACKNOWLEDGMENTS 
We gratefully acknowledge the support of the Department of Commerce under grant 
number IT A 87-02 in the development of this instrument. The FAA Center for Aviation 
Systems Reliability has provided additional support to explore the application of this instru-
ment to calibration and standardization of eddy current probes for commercial aviation. 
REFERENCES 
1. J. C. Moulder, 1. C. Gerlitz, B. A. Auld, M. Riaziat, S. Jefferies, and G. McFetridge, 
1167 
"Calibration Methods for Eddy Current Measurement Systems," Review of Progress in 
Quantitative NDE, Vol. 4, D. O. Thompson and D. E. Chimenti, Eds., (Plenum, New 
York, 1985), p. 411. 
2. B. A. Auld, S. R. Jefferies, and J. C. Moulder, "Eddy-Current Signal Analysis and 
Inversion for Semielliptical Surface Cracks," Journal of NDE, Vol. 7, Nos. 1&2, 1988, 
p.79. 
3. W. D. Rummel, J. C. Moulder, and N. Nakagawa, "The Comparative Responses of 
Cracks and Slots in Eddy Current Measurements," Review of Progress in Quantitative 
NDE, Vol. 10, D. O. Thompson and D. E. Chimenti, Eds., (Plenum, New York, 1991), 
in press. 
4. J. C. Moulder, P. J. Shull, T. E. Capobianco, "Uniform Field Eddy Current Probe: 
Experiments and Inversion for Realistic Flaws," Vol. 6, Review of Progress in Quantita-
tive NDE, D. O. Thompson and D. E. Chimenti, Eds., (Plenum, New York, 1987), p 
601. 
5. B. A. Auld, F. G. Muennemann, and G. L. Burkhardt, "Experimental Methods for Eddy 
Current Probe Design and Testing," Review of Progress in Quantitative NDE, Vol. 4, D. 
O. Thompson and D. E. Chimenti, Eds., (Plenum, New York, 1985), p. 477. 
6. T. E. Capobianco, F. R. Fickett, and 1. C. Moulder, "Mapping of Eddy Current Probe 
Fields," Review of Progress in Quantitative NDE, Vol. 5, D. o. Thompson and D. E. 
Chimenti, Eds., (Plenum, New York, 1986), p. 705. 
7. K. H. Hedengren, and D. E. Ritscher, "Probe Footprint Estimation in Eddy-Current 
Imaging," Review of Progress in Quantitative NDE, Vol. 9, D. O. Thompson and D. E. 
Chimenti, Eds., (Plenum, New York, 1990). 
8. J. C. Moulder, N. Nakagawa, K. S. No, Y. P. Lee, and 1. F. McClelland, "Photoinductive 
Imaging: A New NDE Technique," Review of Progress in Quantitative NDE, Vol. 8, D. 
O. Thompson and D. E. Chimenti, Eds., (Plenum, New York, 1989), p. 599. 
9. J. C. Moulder, M. W. Kubovich, J. M. Mann, M. S. Hughes, and N. Nakagawa, "Appli-
cations of Photoinductive Imaging," Review of Progress in Quantitative NDE, Vol. 9, D. 
O. Thompson and D. E. Chimenti, Eds., (Plenum, New York, 1990), p. 533. 
10. M. S. Hughes, J. C. Moulder, M. W. Kubovich, and B. A. Auld, "Mapping Eddy Current 
Probe Fields using the Photoinductive Effect," Review of Progress in Quantitative NDE, 
Vol. 10, D. O. Thompson and D. E. Chimenti, Eds., (Plenum, New York, 1991), p. 905. 
11. M. W. Kubovich, J. C. Moulder, M. S. Hughes, B. A. Auld, "A Self-Calibrating 
Eddyscope," Review of Progress in Quantitative NDE, Vol. 10, D. O. Thompson and D. 
E. Chimenti, Eds., (Plenum, New York, 1991), p. 2243. 
12. N. N akagawa, "Theoretical Study of Photoinductive Inspection," Review of Progress in 
Quantitative NDE, Vol. 10, D. O. Thompson and D. E. Chimenti, Eds., (Plenum, New 
York, 1991), p. 1081. 
1168 
